INTRODUCTION {#sec1-1}
============

Since the first description of plasmid-mediated extended spectrum beta lactamase (ESBL) in 1983, ESBL-producing gram-negative organisms have posed a significant threat to hospitalized patients due to their hydrolyzing activity against extended spectrum cephalosporins often employed in the treatment of hospital-acquired infections. Detection of organisms harboring ESBLs provides clinicians with helpful information. Treatment of infections caused by ESBL-producing organisms with extended-spectrum cephalosporins or aztreonam may result in treatment failure even when the causative organisms appear to be susceptible to these antimicrobial agents by routine susceptibility testing.\[[@CIT1][@CIT2]\] In addition, patients colonized or infected with ESBL-producing organisms should be placed under contact precautions to avoid hospital transmission.\[[@CIT3]\] These benefits warrant the detection of ESBL-producing organisms in clinical laboratories. They can be found in a variety of *Enterobacteriaceae* species; however, majority of the ESBL producing strains are *Klebsiella pneumoniae, Klebsiella oxytoca* and *Escherichia coli*. They have also been found in *Pseudomonas aeruginosa* and other *Enterobacteriaceae* strains like *Enterobacter, Citrobacter, Proteus, Morganella morganii, Serratia marsescens, Burkholderia cepacia and Capnocytophaga ochracea*.\[[@CIT4][@CIT5]\]

Several phenotypic tests for detection of ESBL-producing organisms have been developed since the 1980s. All methods utilize the two characteristics of ESBLs: reduction of susceptibility to extended-spectrum cephalosporins and inhibition by clavulanate. The CLSI (Clinical and Laboratory Standards Institute) recommends screening of *E. coli*, *K. pneumoniae,* and *K. oxytoca* (and *Proteus mirabilis*, if clinically relevant such as bacteremic isolates) for potential production of ESBL. The CLSI method for ESBL detection consists of the initial screen test and phenotypic confirmatory test.\[[@CIT6]\] Susceptibilities to more than one of cefpodoxime, ceftazidime, ceftriaxone, cefotaxime, and aztreonam are evaluated using disk diffusion or broth dilution method in the initial screen test. A decrease in susceptibilities to one or more antibiotics tested may indicate production of ESBLs and warrant performance of the subsequent phenotypic confirmatory tests.

In phenotypic confirmatory tests, susceptibilities to cefotaxime and ceftazidime alone and those with clavulanate are compared using disk diffusion or broth dilution method. If the susceptibility of either antibiotic tested increases significantly (a more than or equal to five mm increase in a zone diameter or a more than or equal to three two-fold decrease in an MIC) in the presence of clavulanate, the result is interpreted as confirmatory of ESBL production.\[[@CIT7]\]

There is considerable geographical difference in ESBLs in European countries. Within countries, hospital-to-hospital variability in occurrence may also be marked.\[[@CIT8]\] A large study from more than 100 European intensive care units (ICU) found that the prevalence of ESBLs in Klebsiellae ranged from as low as 3% in Sweden to as high as 34% in Portugal.\[[@CIT9]\] In Turkey, a survey of *Klebsiella* spp. from ICUs from eight hospitals showed that 58% of 193 isolates harbored ESBLs.\[[@CIT10]\] Moland and colleagues have shown that ESBL-producing isolates were found in 75% of 24 medical centers in the United States.\[[@CIT11]\] ESBLs have also been documented in Israel, Saudi Arabia, and a variety of North African countries.\[[@CIT12]--[@CIT14]\] From China, the figures of ESBL producers vary between 25-40%.\[[@CIT15]\] National surveys have indicated the presence of ESBLs in 5-8% of E. coli isolates from Japan, Korea, Malaysia and Singapore but 12-24% of isolates from Thailand, Taiwan, Philippines and Indonesia.\[[@CIT16]\]

In India, the prevalence rate varies in different institutions from 28 to 84%.\[[@CIT17]\] A study from Coimbatore, Tamil Nadu, showed the presence of ESBLs to be 40% while from Nagpur this figure was 50% in urinary isolates.\[[@CIT18][@CIT19]\] Another comparatively recent study in 2005, from New Delhi, showed 68.78 % of the strains of gram negative bacteria to be ESBL producers.\[[@CIT20]\]

This study was undertaken in a 500 bedded tertiary care teaching hospital located at Gangtok (capital of Sikkim, India) to find out the prevalence of ESBLs in gram negative bacilli isolated from in patients and their antibiotic susceptibility pattern as well as to see whether routine detection of ESBLs is necessary. Although the CLSI recommends the combined disc method and MIC broth micro-dilution for ESBL detection,\[[@CIT7]\] in our study, we used DDST as a screening method and cephalosporin/clavulanate combination discs as phenotypic confirmatory test to detect ESBLs. Disc diffusion method is easy to perform and it is comparatively simple and cost effective.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design {#sec2-1}
------------

Central Referral Hospital is a tertiary healthcare teaching hospital. During the study period from June 2007 to June 2008, 1489 specimens were collected from patients with suspected nosocomial infections, according to definitions described by the Centers for Disease Control (CDC).\[[@CIT21]\] In particular, infections were considered nosocomial if symptoms and signs appeared after 48 hours of hospitalization. Various samples included in the study were urine, pus, sputum, blood and cerebrospinal fluid.

Bacterial strains and susceptibility testing {#sec2-2}
--------------------------------------------

One thousand four hundred and eighty-nine specimens collected from patients with suspected nosocomial infections were cultured on blood agar (Hi media, Mumbai, India) and MacConkey agar (Hi media, Mumbai, India) except for urine samples which were plated on Cysteine Lactose Electrolytes Deficient (CLED) agar (Hi media, Mumbai, India). Isolated strains were identified on the basis of colony morphology and biochemical reactions.\[[@CIT22]\]

The susceptibility of gram negative bacilli to antimicrobial agents was performed on Muller Hinton agar (Hi media, Mumbai, India) by modified Kirby Bauer disc diffusion method following the criteria put forward by the CLSI,\[[@CIT23]\] with 30μg each of the third generation cephalosporins (3GCs), ceftazidime, cefotaxime and ceftriaxone. The inoculated plates were incubated for 16-18 hours at 37°C. Isolates found resistant or with decreased susceptibility (Intermediate) to any one of the 3GC antibiotics were selected for the presence of ESBLs.\[[@CIT24]\]

Antibiogram of each isolate was also determined for the following antimicrobials by modified Kirby Bauer disc diffusion method\[[@CIT25]\] ampicillin (10μg), ampicillin/sulbactam (10/10μg), piperacillin (100μg), piperacillin/tazobactam (100/10μg), tetracycline (30μg), trimethoprim/sulfamethoxazole (1.25/23.75 μg), ciprofloxacin (5μg), gentamicin (10μg), and imipenem(10μg).

Testing for presence of ESBL {#sec2-3}
----------------------------

ESBL detection was carried out by two procedures

### 1. Screening for ESBL producers - Double disc synergy assay {#sec3-1}

The DDST was performed as a standard disc diffusion assay on Muller Hinton Agar (MHA). Discs containing 30μg aztreonam and 30μg of ceftazidime, ceftriaxone and cefotaxime each were placed 30mm apart (centre to centre) around a disc containing amoxicillin plus clavulanic acid (augmentin 20μg + 10μg). The MHA plate was incubated at 37°C for 24 hrs. Enhancement of inhibition zone of any one of the test antibiotics towards augmentin disc was regarded as presumptive ESBL production and subjected to phenotypic confirmatory test.\[[@CIT26][@CIT27]\] If the screening test was negative it was repeated placing the discs 20mm apart.\[[@CIT28]\]

### 2. Phenotypic confirmatory test {#sec3-2}

Cephalosporin /clavulanate combination discs: This test was performed on Muller Hinton agar by disc diffusion test as recommended by CLSI. A greater than or equal to five mm increase in zone diameter for either ceftazidime (30μg) or cefotaxime (30μg) tested in combination with clavulanate versus its zone diameter when tested alone confirmed an ESBL producing organism.\[[@CIT27]\]

Quality control {#sec2-4}
---------------

Every batch of the media prepared was checked for sterility for 24 hours. *E. coli* ATCC 25922 and *P. aeruginosa* ATCC 27853 were used as quality control strains for antimicrobial susceptibility testing. Quality control when performing screening and phenotypic confirmatory tests: Simultaneous testing with a non-ESBL producing organism *E.coli* ATCC 25922 and an ESBL-producing organism *K. pneumoniae* ATCC 700603 was performed.

RESULTS {#sec1-3}
=======

A total of 258 bacteria were isolated from 258 patients. These consisted of 152 urinary tract infections, 70 wound infections, 12 blood stream infections, 22 cases of pneumonia and 2 cases of meningitis. Of these 258 bacterial isolates, 238 were gram negative bacilli and the remaining 20 were *Staphylococcus aureus*. These gram-negative isolates were identified as *Escherichia coli* (n=130), *Klebsiella pneumoniae* (n=35), *Pseudomonas aeruginosa* (n= 46), *Proteus mirabilis* (n=7), *Enterobacter cloacae* (n=8), *Morganella morganii* (n=7) and *Citrobacter freundii* (n=8) \[[Table 1](#T0001){ref-type="table"}\].

###### 

ESBL positive and non-ESBL gram-negative bacilli in clinical samples

  Clinical samples              Blood   Sputum   Pus   Urine   CSF   Total
  ------------------ ---------- ------- -------- ----- ------- ----- -------
  *E. coli*          ESBL       3       0        5     25      1     34
                     Non ESBL   2       5        10    74      5     96
  *K. pneumoniae*    ESBL       2       13       2     3       0     20
                     Non ESBL   5       2        4     3       1     15
  *P. aeruginosa*    ESBL       1       0        1     13      0     15
                     Non ESBL   2       0        16    13      0     31
  *P. mirabilis*     ESBL       0       0        0     3       0     3
                     Non ESBL   0       0        0     4       0     4
  *E. cloacae*       ESBL       0       0        0     0       0     0
                     Non ESBL   0       0        5     0       0     5
  *M. morganii*      ESBL       0       0        0     5       0     5
                     Non ESBL   0       0        2     0       0     2
  *C. freundii*      ESBL       0       0        0     4       0     4
                     Non ESBL   0       0        0     4       0     4

ESBL - Extended spectrum beta lactamase

Out of 238 Gram negative bacilli, 102 showed resistance or decreased susceptibility to any one of the three 3GC. These were then tested for ESBL production by Double disc synergy test and phenotypic confirmatory test. Eighty one isolates were positive for ESBL by both the methods. Of these 34 isolates were *E. coli*, 20 isolates were *K. pneumoniae*, 15 isolates were *P. aeruginosa*, 3 isolates were *P. mirabilis*, 5 isolates were *M. morganii* and 4 isolates were *C. freundii* \[[Table 1](#T0001){ref-type="table"}\].

We observed that ceftazidime was the most effective in detecting ESBL producers among the third generation cephalosporins \[[Table 2](#T0002){ref-type="table"}\].

###### 

Resistance of ESBL producing gramnegative bacilli to 3GC and aztreonam to screening tests

  ESBL positive bacterial strains   Screening test                             
  --------------------------------- ---------------- ------------ ------------ ------------
  *E. coli* (n=34)                  24 (70.59)       25 (73.53)   28 (82.35)   20 (58.82)
  *K. pneumoniae (n=20)*            14 (70)          15 (75)      16 (80)      13 (65)
  *P. aeruginosa* (n=15)            11 (73.33)       11 (73.33)   12 (80)      9 (60)
  *P. mirabilis* (n=3)              2 (66.67)        2 (66.67)    3 (100)      2 (66.67)
  *M. morganii* (n=5)               3 (60)           3 (60)       5 (100)      3 (60)
  *C. freundii* (n=4)               2 (50)           2 (50)       3 (75)       2 (50)

ESBL - Extended spectrum beta lactamase

Our study revealed 100% agreement of the two methods - DDST and phenotypic confirmatory test \[[Table 3](#T0003){ref-type="table"}\] in detection of ESBL producers.

###### 

Number of ESBL producers detected by screening, confirmatory tests

  Bacterial strains        ESBL positive by screening test   ESBL positive by confirmatory test
  ------------------------ --------------------------------- ------------------------------------
  *E. coli* (n=130)        34                                34
  *K. pneumoniae* (n=35)   20                                20
  *P. aeruginosa* (n=46)   15                                15
  *P. mirabilis* (n=7)     3                                 3
  *E. cloacae* (n=5)       \-                                \-
  *M. morganii* (n=7)      5                                 5
  *C. freundii* (n=8)      4                                 4

ESBL - Extended spectrum beta lactamase

A significant proportion of the ESBL producing strains were found to be resistant to antimicrobial agents including ampicillin (100%), ampicillin/sulbactam (81.29%), piperacillin (70.88%), piperacillin/tazobactam (51.89%), trimethoprim/sulfamethoxazole (78.48%), tetracycline (74.68%), ciprofloxacin (51.89%) and gentamicin (54.43%). Imipenem was found to be the most effective antibiotic against ESBL producers (97.53% of isolates were sensitive), while in non-ESBL producing isolates resistance was nil. ESBL producing isolates were resistant to more antimicrobial agents than non-ESBL producing isolates. The highest rate of resistance in ESBL negative isolates was seen against ampicillin (81.29%) which was significantly (p \< 0.01) lower than ESBL producing isolates. This was followed by resistance to ampicillin/sulbactam (78.29%). However, in this case, the difference was not significant (p \> 0.05) \[[Table 4](#T0004){ref-type="table"}\]

###### 

Antibiotic susceptibility pattern of ESBL and non-ESBL isolates

  Antibiotics                 ESBL (n=81) % resistant   Non ESBL (n=157) % resistant   Difference (p)
  --------------------------- ------------------------- ------------------------------ ----------------
  Ampicillin                  100                       81.29                          \<0.01
  Ampicillin + Sulbactam      81.29                     78.29                          \>0.05
  Piperacillin                70.88                     27.09                          \<0.01
  Piperacillin + Tazobactam   51.89                     27.09                          \<0.01
  Cotrimoxazole               78.48                     38.06                          \<0.01
  Tetracycline                74.68                     39.35                          \<0.01
  Ciprofloxacin               51.89                     18.70                          \<0.01
  Gentamicin                  54.43                     34.19                          \<0.01
  Imipenem                    2.47                      0                              \>0.05

ESBL - Extended spectrum beta lactamase

Multidrug resistance was seen in 56 (69.14%) ESBL-positive isolates and 34 (21.66%) non- ESBL isolates. This difference was highly significant (p \< 0.01).

DISCUSSION {#sec1-4}
==========

This study demonstrates the presence of ESBL-mediated resistance in gram-negative bacilli causing infections in various wards and ICU of a tertiary hospital in Sikkim, India. Although a few studies have reported on the prevalence of ESBL producers in Indian hospitals, ESBL producing bacteria may have evolved in several hospitals all over the country. ESBL detection is not commonly carried out in many microbiology units in developing countries, India included. This could be attributed to lack of awareness and lack of resources and facilities to conduct ESBL identification. The high rate of resistance noted among the isolates in the present study, is of serious concern. Eighty one of the 238 (34.03%) gram-negative bacilli were ESBL producing. In this study, ESBL producing isolates were significantly more resistant to ampicillin (p \< 0.01), piperacillin (p \< 0.01), cotrimoxazole (p \< 0.01), tetracycline (p \< 0.01), ciprofloxacin (p \< 0.01) and gentamicin (p \< 0.01) as compared to non-ESBL producing gram-negative isolates. In our study, resistance to 3GCs was found to coexist with resistance to two or more antibiotics like ampicillin, piperacillin, cotrimoxazole, tetracycline, ciprofloxacin, gentamicin as also reported by Subha *et al*.\[[@CIT29]\] and Duttaroy *et al*.\[[@CIT30]\] indicating multidrug resistance pattern. Mechanisms of co-resistance are not clear, but one possible mechanism is the co-transmission of ESBL and resistance to other antimicrobials within the same conjugative plasmids.\[[@CIT31]\]

The prevalence of ESBL producers varies across continents and countries and also within hospitals.\[[@CIT8]--[@CIT16]\] In India, the prevalence rate varies in different institutions from 28 to 84%.\[[@CIT17]\] In our study the prevalence of ESBL was 34.03%. *E. coli* (26.15%); *K. pneumoniae* (57.14%); *P. aeruginosa* (32.61%), *P. mirabilis* (42.86%), *M. morgani* (71.43%), *C. freundii* (50%) were found to be ESBL positive by DDST. On detection of ESBL producers, we saw 100% agreement in DDST and phenotypic confirmatory test \[[Table 3](#T0003){ref-type="table"}\]. Although the specificity of DDST has been well documented\[[@CIT24][@CIT32]\] its sensitivity has been variably reported as 76.5%,\[[@CIT24]\] 3%,\[[@CIT33]\] 87%\[[@CIT34]\] and 79%\[[@CIT28]\] in various studies. Various factors like precise placement of the disc, correct storage of the clavulanate containing disc and performance of appropriate control tests are critical to the sensitivity of DDST.\[[@CIT24][@CIT34][@CIT35]\] DDST can lack sensitivity because of the problems of optimal disc spacing, the inability of the clavulanate to inhibit all ESBLs and the inability of the test to detect ESBLs in strains producing chromosomal cephalosporinases.\[[@CIT35]\] To overcome the problem of optimal disc spacing, Thomson and Sanders used the recommended disc spacing of 30mm and then repeated at 20mm to see if the former disc spacing was negative.\[[@CIT28]\]

By routine disc diffusion susceptibility test, 26.15% of ESBL positive *E. coli*, 57.14% of ESBL positive *K. pneumoniae*, 32.60% of ESBL positive *P. aeruginosa*, 42.85% of ESBL positive *P. mirabilis*, 71.42% of ESBL positive *M. morganii*, 50% of ESBL positive *C. freundii* showed a resistance profile to the 3GCs, indicating that 28.53% to 73.85% of the ESBL isolates would have been reported as susceptible. Researchers also reported the resistance profiles of 58%,\[[@CIT36]\] 48%\[[@CIT29]\] and 82% to the 3GCs.\[[@CIT28]\] Thus it is clear that additional specific tests are required for detection of ESBL enzyme.\[[@CIT28][@CIT29]\]

We agree with observations of previous studies considering ceftazidime to be most effective in detecting ESBL producers among the 3GCs;\[[@CIT34]\] though some other workers reported maximum ESBL detection rate by ceftriaxone followed by cefotaxime and lastly ceftazidime.\[[@CIT37][@CIT38]\]

The strength of our study is that in our study population the screening test is as good as the phenotypic confirmatory test.

The limitation of our study was that we could not use any advanced molecular methods due to lack of infrastructure.

CONCLUSION {#sec1-5}
==========

To sum up, the prevalence of ESBL was found to be 34.03% in our hospital which cannot be ignored. Since ESBL producers were detected with equal efficacy by screening test DDST and phenotypic confirmatory test; and the sensitivity of screening test improved with the use of more than one antibiotic, addition of one or two antibiotics would not increase the cost and labor, we recommend DDST to be used routinely as a screening test using multiple antibiotics in all microbiology units.
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